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Other Supplementary Material for this manuscript includes the following:
(available at advances.sciencemag.org/cgi/content/full/6/1/eaax6969/DC1) Data file S1 (Microsoft Excel format). Nucleic acid sequences for mRNA construct used in the study. Data file S2 (Microsoft Excel format). Experimental data presented in the main and supplementary figures. Fig. S1 . EF-G-bound lifetimes for translocation and mRNA structure unfolding. (A) Schematic of singlemolecule in vitro fluorescence assay to monitor translation dynamics using FRET donor-quencher (Cy3B and BHQ-2 pair) labeled ribosomes and Cy5-labeled EF-G. Translation pre-initiation complex (30S-PIC) containing Cy3B-labeled 30S is immobilized on the bottom of the zero-mode waveguide (ZMW) wells, and a buffer containing elongation components -BHQ-2-labeled 50S, Cy5-labeled elongation factor G (Cy5-EF-G), and tRNA -is delivered at the beginning of the experiment. (B) Conformational changes of the ribosome during translation elongation and the expected fluorescence signal. The time between two conformational changes is measured as a rotated state lifetime for each codon. (C) The representative trace shows multiple bindings of Cy5-labeled EF-G during translocation pause induced by mRNA structure. (D) A fit of single-exponential function to the EF-G dissociation kinetics for codon 1 to 7 (translocating into the unstructured region of mRNA). (E) A fit of singleexponential function to the EF-G dissociation kinetics for codon 8 (translocating into the structured region of mRNA; SL2 mRNA structure is used as shown in fig. S2 ). (F) Average EF-G bound lifetimes with unstructured downstream mRNA region, measured at different temperatures. (n = 378, 212 and 257 molecules from left to right; error bars represent 95% confidence interval for fitting the exponential distribution) (G) Average EF-G bound lifetimes with structured and engaged downstream mRNA, measured at different temperatures. (n = 1288, 284 and 105 molecules from left to right; error bars represent 95% confidence interval for fitting the exponential distribution) (H) Average EF-G bound lifetimes with structured and engaged downstream mRNA for the last event, measured at different temperatures. (n = 70, 36 and 33 molecules from left to right; error bars represent 95% confidence interval for fitting the exponential distribution) (I) Average EF-G bound lifetimes with structured and engaged downstream mRNA on the slippery-sequence. SL only is an mRNA construct with the mRNA structure but without any slipperysequence. FSPK mRNA construct has both the mRNA structure and the slippery-sequence. FSPK_SD mRNA construct has the mRNA structure, the slippery-sequence, and the upstream Shine-Dalgarno sequence. (n = 1288, 3003 and 565 molecules from left to right; error bars represent 95% confidence interval for fitting the exponential distribution) (J) Histogram for tRNA-EF-G FRET efficiencies (black dots) for the condition shown in Fig. 3E , and fitting of the normal distribution (blue curve). Fig. 4D ) for PK constructs measured at two different temperatures (n = 154 and 92 for 20 and 30 °C conditions, respectively; error bar representations same as described in Fig. 4D ). Table S1 . (F-J) Gel images for Table S2 . Each densitometry measurement was made in three technical repeats with varying temperatures (20, 25, 30 and 35 °C; left to right) . The upper band shows the production of -1 frameshifted product, whereas the lower band shows the production of the non-frameshifted product. 
